dictability, T cells have been described that react with
An example of the pattern of response of a T cell hybridoma from each type of immunized mouse is both MHC class I and class II (Schilham et al., 1986) .
shown in Figures 1B-1D . All three hybridomas reAnother factor might contribute to these phenomena. sponded to the 3K peptide (red bars), and none reMany years ago, Nils Jerne suggested that lymphocyte sponded in the absence of antigen-presenting cells. receptors might be intrinsically biased toward recogniThe response of the T cell hybridoma isolated from a tion of MHC (Jerne, 1971) ; that is, TCR germline-encoded C57BL/6 mouse was unaffected by changes in the gluelements might have some evolutionarily selected means tamic acid at position P−1 of the peptide ( Figure 1B ). of reacting with MHC proteins regardless of MHC allele Its response was affected by some substitutions of the or class. However, the mechanism whereby such global lysine at P8 and more dramatically by substitutions of recognition might occur is difficult to imagine, given the the glutamine at P2. Most substitutions at P3 and P5 variability of MHC proteins and the fact that it has not reduced or eliminated the response of the hybridoma. been manifest in the solved structures of TCRs bound Thus, the TCR on this hybridoma was focused primarily to their MHC + peptide targets (Housset and Malison peptide residues P2, P3, and P5. Similar analyses of sen, 2003).
the responses of the T cell hybridoma isolated from an In this paper we studied TCRs from T cells that have IA b -SP mouse revealed that the TCR on this cell was been less stringently negatively selected than those focused almost exclusively on the peptide amino acid from normal animals. Among this collection, we found at P5 ( Figure 1C ). The TCR on the single hybridoma individual TCRs that were often very crossreactive befrom a CL2 −/− mouse had a specificity for peptide simtween different alleles of MHC and could react with ilar to that of the C57BL/6 T cell hybridoma ( Figure 1D ). both class I and class II MHC proteins bound to pepHowever, the overall reactivity of this last TCR was tides. Many of these TCRs reacted with MHC and pepprobably underestimated with respect to the reactivitide in a fashion that was relatively independent of the ties of the other two TCRs illustrated here because the surface-exposed amino acid side chains of the MHC T cell hybridoma from the CL2 −/− mouse, unlike all other and peptide. These findings led us to two conclusions.
hybridomas examined, bore low levels of the costimulaFirst, they indicate that negative selection is involved tory protein, CD4. in focusing T cell responses on foreign peptides bound We cannot of course tell from these three TCR analyto self rather than foreign MHC alleles. Second, they ses whether the effects of changes in the peptide resuggest that germline-encoded TCR segments are preflect direct interactions between the peptide amino disposed to react with a feature(s) shared among all acid itself and the TCR in question or reflect indirect MHC proteins, e.g., the helix backbones, regardless of interactions in which the changed peptide amino acid their amino acid side chains. masks or changes the configuration of some other IA b + peptide residue that is itself contacting the TCR.
Results
Nevertheless, these changes do reflect the relative ability of each TCR to interact with IA b bound to diverse Negative Selection Controls the Specificity peptide ligands.
of T Cells for Foreign Peptides
A summary of the results for all the T cells and pepWe began with a study of how the peptide specificity tides tested is shown in Figure 2 . To simplify presenof mature T cells reactive to a foreign peptide is altered tation of these analyses, we used a color-o-metric by limiting negative selection. We compared three scheme to indicate those substituted peptides that actypes of mice. Figures 1C, 1D , 2C, and 2D). Some had specificells and, for ease of analysis, converted them into T cities like those of TCRs from C57BL/6 and were afcell hybridomas. These cells were then assayed for fected by changes in the peptide sequence at three or their ability to respond to a set of fibroblasts, each exmore of the peptide positions tested. Others were much pressing IA b covalently bound to the 3K peptide or to more degenerate in their specificity for peptide and peptides with amino acid substitutions at each of the 5 were affected by changes in only one of the peptide 3K amino acid residues most accessible to TCRs (Figresidues, (Figures 4 and 5A ). Each mutant was tested for its ability to present the 3K peptide to the bank of T cell hybridomas. A few mutations (most often proline or glycine) led to poor IA b expression. These were eliminated from further analysis. A summary of the results is shown in Figure 4 , again with a color-o-metric scale distinguishing those IA b mutations that had no effect on activation of the T cell hybridoma in question from those that partially or completely eliminated T cell activation.
In some cases, T cell activation absolutely required a display just portions of the conserved interactions, sufThese TCRs suggest that crossreactivity between class ficient to allow them to have the ability to engage self-I and class II, and overall MHC reactivity, may not be MHC but not enough to allow them to be negatively entirely due to reaction between parts of the TCRs and specific side chains of the MHC proteins, as argued selected. Thus, the selected, useful repertoire of TCRs
